Abstract Wiener-typed nonlinear systems with hard input constraints are ubiquitous in industrial processes. However, owing to their complex structures, there are very few achievements on their control algorithm. Aimed at this problem, an improved dual-mode control algorithm is put forward. Firstly, the detailed procedure of this algorithm is proposed. Then, its feasibility, stability and convergence are analyzed by using the invariant set theory combined with LMI(linear matrix inequalities) technique"'. In contrast to traditional algorithms, this one has the capabilities of maximizing the size of the closed-loop stable region and decreasing the online computational burden. Finally, the proposed algorithm is performed by simulations with promising results.
I. INTRODUCTION
uring a lot of real industrial processes such as distillation [9 , pH neutralization control [2,I] , heat-exchanger [6] , chemical reaction [4] , and biological visual process [16 17] , there widely exists a type of nonlinear systems which can be described by Wiener mode. The background of this model can be even extended to the areas of communication[ i, signal processing l l , psychology [17] and sociology . It consists of a linear dynamic element followed by a memoryless nonlinear element while Hammerstein model contains the same elements in the reverse order . Wiener-typed systems correspond to processes with linear dynamics associated with general nonlinear operators. In recent years, the control of Wiener-typed systems has become one of the most urgent and difficult tasks in nonlinear control field [2, 5, 9, 11, 16, 17] figure 1 . The difference equation of this system is described as (7) where x (k) is the estimation state, and i( When x(k) E S, e(k) E Se ,in order to make these ellipsoid sets invariant, it is required that
Reference [3] (12) Provided the control law u (k) = Kx(k), then (7) can be rewritten as
then substituting (14) to (13) yields
and substituting (15) to (11) yields From Lemmal, and take into consideration of (9) , (18), (19) and (20), we have that for V11 > 1,r1= 1+ 
(1 e-2)x Px e ± (1± )e(k)CLrPLCe (k) < 1e2±+2 1 (25) By using Lemmal combined with (24), we have for Vy>1, r=1+1/(y-1) Define ellipsoid invariant set of the estimation extended state S { z P2 < 1} (33) where the P is a positive define symmetric matrix. Theorem 2: The linear block of the Wiener-typed system (1) is shown as (2) and (3), and the state space expression of the observer is given by (7), where the feedback vector gain K and the observer gain L are stable. In addition, the assumption Al) is satisfied for the Wiener-typed system (1) subjected to the hard input constraints urn < u < umax
Then, if the following assumption A3) is satisfied, S and Se are invariant sets in the sense of (33) and (10) 
From (33), we have
Then, substituting (41) to (40) yields
thus, these constraints can be solved offline, which reduces the computational load remarkably. Otherwise, i.e. umin <.uUmax (Umin -Umax), it is required to solve these constraints online.
B. Stability analysis Theorem 3: If the following three assumptions are fulfilled A4) in initial time, there exist P and Pe such that (33) and (12) Then our algorithm is always feasible and the system is closed-loop asymptotically stable. Moreover, the control law (29) will converge to the standard stable output feedback control law u(k) = Kk(k). 45th IEEE CDC, San Diego, USA, Dec. [13] [14] [15] 2006 In this way, the performance index J(k) decreases monotonously, and D(k) will converge to 0 with the increase of sample time. In other words, the constrained control law u = Kx + ED will converge to unconstrained stable control law u = Kx . Consider the assumptions A5) and A5) combined with Separation Principle [3] , we can conclude that the closed-loop asymptotical stability of this system is guaranteed.
V. CASE STUDY
Plant: . These results validate the feasibility of our S proposed dual-mode control algorithm. However, because the constraints are too strict, initially the overshootings are something big. But they can be alleviated by enlarging the size of the input space or selecting more suitable parameters. Figure 3 shows that the tracks and ellipsoid invariant sets of x and x, where the solid ellipsoid refers to S with 5) nd = 5, the dashed ellipsoid is S with nd = 0, the dashed lines and circular points are the track of x, and the solid lines and starlike points denote the track of x . For convenience, only the first 20 states and estimation states are drawn. The tracks of x and x begin inside the dashed ellipsoid, then enter the solid one only after 6 epochs, and 2 epochs respectively. From then on, the standard output control law can drive the state to the origin. In this way, the superiority of our algorithm is verified. asymptotically converges to the origin, which also shows the high convergent speed of the algorithm. Therefore, Theorems 1 -3 can also be validated by Figures 3 and 4 .
Still worth mentioning is that, as is shown in figure 5 , S will grow larger along with the increase of nd .However, in order to gain satisfactory real-time performances, one can not select too big nd . If a tradeoff nd between the computational load and the size of closed-loop region is selected, the control performance of this algorithm will be further improved. 
VI. CONCLUSION
For time-invariant Wiener-typed nonlinear systems subjected to hard input constraints, a control algorithm based on dual-mode technique is proposed in this paper. Firstly, Zeroin algorithm is applied to solve the nonlinear equation. Then, the system state is extended and then invariant set theorem combined with LMI is used to deal with the hard input constraints. To support this algorithm, theoretical analyses of the closed-loop stability are given systematically.
This algorithm has the following three advantages: 1) high precision, 2) low online computational load, 3) maximized closed-loop stable region. Simulation results on a time-invariant Wiener-typed system with hard input constraints are performed, which validate the feasibility and superiority of this algorithm.
Also, this algorithm has somewhat limitations. A precondition is that some priori knowledge is available about the nonlinear block. Otherwise, Zeroin algorithm can not be applied. Consequently, in order to eliminate the limitation, our future research will focus on a more effective control algorithm to eliminate this requirement.
